Abstract-In this paper a new type of optical filter using photonic band gap materials has been suggested. A detailed mathematical analysis is presented to predict allowed and forbidden bands of wavelengths with variation of angle of incidence. It is possible to get desired ranges of the electromagnetic spectrum filtered with this structure by changing the incidence angle of light.
INTRODUCTION
Photonic crystals PCs have drawn much attention as a new kind of optical materials [1] [2] [3] [4] [5] [6] . PCs made of periodic dielectric materials in one, two or three spatial directions that exhibit electromagnetic stop bands or photonic band gaps (PBGs). PBGs have been investigated intensively relating to their ability of controlling the propagation of light [6] [7] [8] [9] . The absence of electromagnetic wave or light wave inside PBGs will lead to some unusual properties, which can be used for Bragg mirrors or narrow-band filters [10] [11] [12] [13] [14] [15] [16] . An optical filter is a device, which has the property of adding or dropping a particular wavelength channels from the multi wavelength network.
A great deal of work has been done by technologists for the development of methods for designing multi-layer films with prescribed characteristics [17] [18] [19] [20] [21] . Tunable optical filters have received much attention due to their application in fibre optic communications and other optical fields.
Several configurations have been proposed, including tunable multiple electrode asymmetric directional couplers [23] , tunable Mach Zehnder interferometers [24, 25] , fibre Fabry-Perot filters [26, 27] , tunable waveguide arrays [28, 29] , liquid crystal Fabry-Perot filters [30, 31] , tunable multi grating filters [32] , and acousto-optic tunable filters [33] . Another class of most popular filter based on the phenomenon of multi-beam interference and based on waveguides [34] [35] [36] [37] .
Fabrication of optical filters in the near infrared region of the wavelength was suggested by Ojha et al. [38] in 1992. Chen et al. [39] in 1996 suggested the design of optical filters by photonic band gap air bridges and calculated the important results and some aspects of filter properties. Recently D'Orazio et al. [40] have fabricated the photonic band gap filter for wavelength division multiplexing. In another investigation Villar et al. [41] have analyzed the onedimensional photonic band gap structures with a liquid crystal defect for the development of fiber-optic tunable wavelength filters.
In this paper a new type of optical filter using photonic band gap materials has been suggested. The working principle as well as the theoretical analysis of this filter is based on the Kronig and Penney model.
THEORY
It is well known that when electrons move through a periodic lattice, allowed and forbidden energy bands are obtained. The same idea may be applicable to the case of optical radiation if the electron waves are replaced by optical waves and the lattice periodicity structure is replaced by a periodic refractive index pattern. One expects allowed and forbidden bands of frequencies instead of energies. By choosing a linearly periodic refractive index profile in the filter material one obtains a given set of wavelength ranges that are allowed or forbidden to pass through the filter material. Selecting a particular x-axis through the material, we shall assume a periodic step function for the index of the form [22, 42] 
where n(x) = n (x + md) and m is the translation factor, which takes the values m = 0, ±1, ±2, ±3, . . ., and d = a + b is the period of the lattice with a and b being the width of the two regions having refractive indices (n 1 ) and (n 2 ) respectively. The refractive index profile of the materials in the form of rectangular symmetry is shown in the Figure 1 . If θ is the angle of incident on this periodic structure the onedimensional wave equation for the spatial part of the electromagnetic eigen mode ψ k (x) is given by
where n(x) is given by Equation (1). Therefore, Equation (2) for wave equation may be written as
where θ 1 and θ 2 are ray angle in the layer of refractive index n 1 and n 2 respectively. The periodic nature of the problem allows the application of Bloch's theorem which solution can be written as ψ K = u K (x) e iKx where K is known as Bloch wave number and u K (x) is the value of the eigen function. Thus using this theorem Equations (3a) and (3b) can be written as
where α = (
] 1/2 and u 1 represents the value of u K (x) in the interval (0, a) and u 2 in the interval (−b, 0) respectively. The solution of differential Equations (4a) and (4b) can be written as
Now applying the boundary conditions as given below
we get four equations having four unknown constants. To obtain a nontrivial solution for the equations, the determinant of the coefficients of the unknown constants must be zero, which is given as 
where
On solving Equation (7) we obtain
Now, abbreviating the L.H.S. as L λ , Equation (8) may be written as
RESULT AND DISCUSSION
For the proposed filter, we have chosen the dielectric materials as Na 3 AlF 6 /ZnS for ultraviolet region with low and high index contrast. The refractive index for Na 3 AlF 6 is n 1 = 1.34 and for ZnS is n 2 = 2. Using these values, Equation (9) is plotted against the wavelength λ and the curves are depicted in the Figures 2 to 5 respectively. The photonic bands obtained in this manner are shown in the Tables 1 to 4 respectively. Because of the existence of the cosine function on the right-hand side of the Equation (9), the upper and lower limiting values will obviously be +1 and −1 respectively. The portion of the curve lying between these limiting values will yield the allowed ranges of λ and those outsides will show the forbidden ranges of transmission. From the study of these figures it is found that the width of the allowed photonic bands increases as the wavelength increases, for a fixed values of a, b, n 1 and n 2 . Actually these allowed bands give the different ranges of wavelengths that can be transmitted through the filter structure. The ranges of transmission depend on the values of controlling parameters a, b, n 1 and n 2 . So by choosing suitable values of these parameters one can get the desired range of transmission (or reflection). Furthermore, the overall transmission of the filter generally decreases as the value of (
) increases for the fixed value of a and b.
This type of filter is used in fiber optic communications and other optical fields.
